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(57) The present invention provides a water absor- 
bent matter which is physically and chemically 
stable, difficult in shifting and falling-off of a 
water-absorbent resin particle and from a cellul- 
ose fiber, and thereby, has superior water- 
absorbent properties. A water absorbent matter 
like this is made by containing a water- 
absorbent resin particle having an acidic group 
such as a carboxyl group on the surface, a 
cellulose fiber, and a cationic high-molecular 
compound having a weight-average molecular 
weight of 2,000 or more, so that the water- 
absorbent resin particle is firmly set on the 
cellulose fiber by a cationic high-molecular 
compound in the presence of water. 

A water absorbent may be used, which is 
made by treating the surface of a water- 
absorbent resin particle having an acidic group 
with a crosslinking agent having two or more of 
a functional group capable of making a cova- 
lent bond by reacting with the acidic group to 
crosslink the particle at a part of the acidic 
group, and then, mixing the particle with a 
cationic high-molecular compound of an 
weight-average molecular weight 2,000 or more 
capable of making an ionic bond by reacting 
with the acidic group. 
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BACKGROUND OF THE INVENTION 



The present invention relates to a new water absorbent matter and a method for producing this matter In 
detail, this invention relates to a new water absorbent matter, which is consisting of a mixture of a cellulose 
fiber and a water-absorbent resin particle and which is stable physically and chemically even after absorbing 
a liquid, and it relates to a method for producing this matter. 

The present invention relates to a method for producing a new type water absorbent. In detail, the invention 
relates to a method for producing a water absorbent which shows superior water-absorbent properties by a 
sole use of the water absorbent and displays a very superior water-absorbent effect in a case of being converted 
into a complex with a cellulose fiber. 

The present invention relates to a new water absorbent, an absorbent matter containing this absorbent 
and a method for producing these. In detail, the present invention relates to a new water absorbent having a 
superior water-absorbent property in its sole use and also, displaying a very superior effect in a case where it 
makes a complex with a cellulose fiber, as well as it relates to an absorbent matter containing the water absor- 
bent and a method for producing these absorbent and matter. 

In recent years, water-absorbent resins which is able to absorb water in a range of from several ten times 
of their own weight to several hundred times have been developed, and, various kinds of the water-absorbent 
resins have been used for usage which needs water-absorption and water-holding, that is in the fields of sanitary 
materials such as goods for menstrual periods and disposable diapers, etc., of agriculture and gardening of 
foods such as freshness maintenance, etc., and of industries such as materials for preventing dew-forming and 
for maintaining refrigeration, etc. As the water-absorbent resin have been already known crosslinked polyac- 
rylates and crosslinked starch-polyacrylate graft polymers. 

Since the water-absorbent resin is generally powder, its sole use is few and it is used as a water absorbent 
matter such as a diaper etc. by mixing it with a hydrophilic fiber such as pulverised pulp, paper or the like (for 
example, refer to USP 3888257 and others). In an use which requires to absorb a lot of water in a short period 
of time, a sole use of the water-absorbent resin is not enough to absorb the water in a short period of time and 
thus, to prevent water-spreading, mixing of the above kind is particularly necessary. The cellulose fiber has a 
function of holding a powder type water-absorbent resin and, since the water-absorbent resin takes time to 
absorb water, a function of holding water around water-absorbent resin particles until the time necessary for 
absorption, and a function of spreading water to the water-absorbent resin particles distributed by a capillary 
tube phenomenon. 7 

There have so far been offered a quite number of proposals for the method for elevating a water-absorbing 
velocity and a water absorption amount under pressure. For example, in Japanese Official Patent Gazette 
showa 63-1 921 5, there has been disclosed a method which comprises mixing a water-absorbent resin powder 
having a carboxyl group with a polyvalent amine compound and, if necessary, thermally treating to crosslink a 
molecular chain adjacent to the surface. In Japanese Official Patent Gasette, heisei 1-1741 1 , there has been 
disclosed a method which comprises mixing a water-absorbent resin powder having a carboxyl group with a 
polyvalent alcohol and a compound of one kind or two or more kinds selected from a group consisting of water 
and a hydrophilic organic solvent in proportions of from about 0.001 to 10 parts by weight of the polyvalent 
alcohol and from about 0.01 to 8 parts by weight of the compound against 100 parts by weight of the water- 
absorbent resin powder, heating the mixture at a temperature of more than 90 °C to carry out a reaction of the 
water-absorbent powder with the polyvalent alcohol, and crosslinking a molecular chain adjacent to a surface 
of the water-absorbent resin powder. In Japanese Official Patent Provisional Publication, showa 57-44627 
there has been disclosed a method which comprises dispersing a water-absorbent resin containing an acrylic 
acid alkali salt as a component constituting a polymer, adding a crosslinking agent having two or more of a 
functional group capable of reacting with a carboxyl group ( for example, ethyleneglycohol diglycidyl ether ) 
and carrying out the crosslinking. In Japanese Official Patent Provisional Publication, showa 60-163956 there 
has been disclosed a method which comprises, in the presence of a water-absorbent resin which contains a 
monomer unit having a carboxylate as a component constituting a polymer and an inert inorganic powder ( wa- 
ter-containing silicon dioxide, etc. ), absorbing a crosslinking agent ( a diglycidyl ether-based compound a poly- 
valent metal salt, a haloepoxy-based compound, an aldehyde-based compound, and an isocyanate-based 
compound, etc. ) and water and then, heating with stirring to carry out a crosslinking reaction and water-distil- 
lation. In Japanese Official Patent Provisional Publication, showa 60-36516, there has been disclosed a method 
which comprises immersing followed by polymerizing a hydrophilic monomer having afunctional group reactive 
for a highly water-absorbent resin having a carboxyl group, of which water content is adjusted at 50 % by weight 
or less [ a n.trogen-containing vinyl monomer such as ( meth ) acrylamide and N,N-dimethylaminoethyl methac- 
rylate; a oxygen-containing vinyl monomer such as 2-hydroxyethyl methacrylate; a sulfonate-containing vinyl 
monomer such as vinyl sulfonate; and a nitrile group-containing vinyl monomer such as acrylonitrile etc ] In 
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Japanese Official Patent Provisional Publication, 60-255814, there has been disclosed a method which , com- 
prises adding by spraying a crosslinking agent ( diglycidyi ether-based compound, a polyvalent metal salt, and 
a haloepoxy based compound ) under a condition of stirring a water-absorbent resin containing a monomer unit 
having a carboxylate group as a component constituting a polymer and an inert inorganic powder, then heating 
to carry out a crosslinking reaction, and then distilling-off water. In Japanese Official Patent Provisional Pubh- 
cation heisei 2-248404, there has been disclosed a method which comprises crosslinking a water-insoluble, 
highly water-absorbent resin having a COOM group ( M is a hydrogen atom or an alkali metal atom ) in a side 
chain by a reaction product from epihalohydrine and ammonia or an amine. 

However the water absorbent matter obtained from the abovementioned arts known in public, for example, 
in a case where it is used as a water absorbent matter for disposable diapers, because a binding force among 
cellulose fibers is weaker when a proportion of the water-absorbent resin particles becomes higher, there takes 
place in an actual use the moving and falling-off of a water-absorbent resin swelled after ur.ne-absorbing and, 
thereby there have been found a problem that the water-absorbent performance does not appear as in an 
expected degree or a problem that the performance does not appear as projected, because the water-absorbent 
resin particles decomposes by an ingredient in urine. H=nr« 

Also a water-absorbent resin improved by the abovementioned arts known in public shows in some degree 
elevation in the water-absorbent property of the water-absorbent resin itself, but in the case where the res.n 
was mixed to make a complex with a cellulose fiber, the water-absorbent property was unsatisfactory. Espe- 
cially when a proportion of the water-absorbent resin becomes higher, a binding force among cellu ose fibers 
becomes weaker, so that there easily occurs the falling-off of the water-absorbent resin. This defect has been 
known in some examples at the present stage; for example, in a case where the water- absorbe "^ '^f^ 
as a part of a water-absorbent matter in a disposable diaper, the water-absorbent resin swelled after urine- 
absorption shifts or falls off due to movement of a wearing body, thereby the water-absorbent Performance ,» 
not displayed in such an extent as expected. Such a phenomenon as the shifting and falling off of the water- 
absorbent resin is a great handicap in various use of the water-absorbent resin .n practical use, athough* 
may be said that an ideal water-absorbent resin is such as capable of sufficiently deriving an effect mutually 
potentiating (a synergistic effect) with a complex-making partner material such as a cellulose fiber etc such 
one as well as a water absorbent matter not showing the moving and falling-off of a water absorbent res.n after 
absorbing water are not yet obtained at the present stage. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a water absorbent matter which is physically and chemically 
stable and has a superior water-absorbent property because of the difficulty in shifting and fall.ng-off among 
the cellulose fibers of water-absorbent resin particles. Further, an object of the present invention is to provide 
a method for producing such a water absorbent matter as the above. 

An object of the present invention is to provide a method for easily producing a water absorbent which does 
not shift or fall off when a complex is made with the cellulose fiber and thereby, in which a synergist effect 
can be expected in the water-absorbent performance. 

To solve said object, the present invention provide a water absorbent matter made by containing a water- 
absorbent resin particle having an acidic group on the surface, a cellulose fiber, and a cationic h.gh-molecular 
compound having a weight-average molecular weight of 2,000 or more. This water absorbent matter may be 
a mixture of the water-absorbent resin particle, cellulose fiber, and cationic high-molecular compound. 

The present invention provides, to solve said object, a water absorbent matter made by containing a water 
absorbent and a cellulose fiber, the former of which is prepared by treating the water absorbent res.n particle 
having an acidic group on the surface with a cationic high-molecular compound having a weight-ayerage 
molecular weight of 2,000 or more. This water absorbent matter may be a mixture of a water absorbent and a 

The^'retent invention provides, to solye said object, a method for producing a water absorbent matter, 
which comprises mixing a water-absorbent resin particle having an acidic group on the surface a cellulose fiber 
and a cationic high-molecular compound having a weight-average molecular weight of 2.000 or more in a gas 
phase and then, pneumatically molding this mixture. , t „, h c nf h 0 nt 

Furthermore, the present invention provides, to solve said object, a method for produc.ng a water absorbent 
matter, which comprises mixing in a gas phase a water absorbent and a cellulose fiber, the former of which is 
made by treating a water-absorbent resin particle having an acidic group on the surface with a cationic h.gh- 
molecular compound having a weight-average molecular weight of 2,000 or more and then, pneumatically mold- 

inq this mixture. , . . . . . m 

To solve said object, the present invention provides a method for producing a water absorbent wh.ch com- 
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prises treating a surface of a water-absorbent resin particle having an acidic group with a crosslinking agent 
anrLtr m ° re ? J. fUn ?° nal 9rOUP C3pable ° f maki " 9 a ^lent bond by reacting with said ac die group 
hioh ™i ■' CrOSS " nk,n 9 * he Surface b * a P art of said acidic group, then mixing the particle with a cationic 
high-molecular compound having a weight-average molecular weight of 2,000 or more which is capable of mak- 
ing an ionic bond by reacting with the acidic group. 

bein^mrlS nfl P ' e f 6nt ' nve K ntion P rovides the fo »°wing four items: a water absorbent characterised by 
mJ t hnH f h of a water-absorbent crosslinked polymer and a polyamidopolyamine epihalohydrine resin- a 
S a wiri" h 9 3 Water , ab . S °; bent Characterised by mixing a polyamidopolyamine epiha.ohydrine resin 
with a water-absorbent crosslinked polymer; an absorbent matter composed of the water absorbent of this 
mvent.on and a ce lulose fiber; and a method for producing an absorbent matter characterised by mWng the 
mttre ' Ce " Ul ° Se fiber ,n 3 dry COndition and then - impressing an obtained 

The water-absorbent resin usable in the present invention needs to have an acidic group A preferable 
acidic group o th,s kind is for example, a carboxy. group. Preferable examp.es of a water-absorbent res n hal 

XJZITJT? ^ "rT! 3re ' f ° r eXampl6, 3 crosslinked Polyacrylate, a crosslinked copolymer of 
vinyl alcohol-acrylate a crosslinked product of a starcn-acrylate graft polymer, a crosslinked product of rnaleic 
anhydr.de graft polyvmy. alcohol, an alkali salt-crosslinked product of carboxymethy.cellulose etc. The amoun" 
„rn 9r °" P ,nv n °^ ed m 3 "ater-absorbent resin has not any special limitation, but it is preferred that the 
ah,o?h! ? SX , "° | 01 h equiva,ent or more against 100 g of the water-absorbent resin. A preferable water 
showa ^ £imT aS ^ 6en diSC, ° Sed ' forexam P |e " J a P anese Official Patent Provisional Publication, 

^3?^„i^,?? , ' , »? tont GaSette ' Sh ° Wa 58 - 35605: Japan6Se ^ Patent Gasette ' sh °wa 
^!l 2 1^ J^T P n a i 6nt | Gasette D heisei 2 -1«61 ; Japanese Official Patent Provisional Publication, 
showa 62- 44748, Japanese Official Patent Provisional Publication, showa 62-54751 ; Japanese Official Paten 
Prov.sional Pub , cation, showa 63-21902. Particularly preferable one is a crosslinked polyacrylat^le hav 
,ng a neutralisation degree of from about 50 to 95 mo. % from a viewpoint of the water abLben perfonta ce 
The polymerisation method has not any special limitation. finance. 

am Jnh Sh ? e ° f Wat ? f - absorbent resin P article ma V °e any one of a sphere type, a scale type, a pulverised 
Td l° U n T' hi 9ran 6 tyPe ' Preferab ' e SiZS ° f th6 Partic,e is in a ran9e ° f from about 10 to 1000 M m 
thanT m 2m * 3 ran96 * ,bout 20 l ° 840 »""■ ,f there exist a P article b^ng a size of less 

Tnd 1 th^fJ , h T'k ° CCUr Wh6n water - absorbent «••'" Particle in a water absorbent matter swells 
feelingTn ^sing ^ 3 ^ 6XCeeding ^ the water a *°rbent matter may give a rugged 

fiJ^ZTrZT^T"' 'Tu" 1 ^ bS USSd 6ither 3 m6th0d ° f mixi "9 a water absorbent and a cellulose 
Sionl S h , ,S made by treatin9 the SUrfaCe ° f 3 ^ter-absorbent resin particle beforehand with 

acahonic h.gh-molecular compound, or a method of mixing a water absorbent resin particle, a cationic high- 
molecular compound, and a cellulose fiber without setting a process for treating the surface of the wate absor- 

hL beeTtri?^ f0 ? an , d K° ra M 3 abS ° rbent resin particle and a ce.lu os'ber whTch 

effects beforehand by a cationic high molecular compound, and either of the methods can give similar 

m fl ^n P 7n ferab,e K Cat i°K C hi9h ; molecu,ar impound used in the present invention is a compound capable of 
as »Z : b0ndb V eaC r n9 r' th an 3ddic 9rau P such as a ca rboxyl group of the water-absorbent resin 
as well as a cat,on.c h,gh-molecular compound having a weight-average molecular weight of at least 2 000 
and the one hav,ng a we.ght-average molecular weight of 5,000 or more is preferred and the one having a 
w^ght-average molecular weight of 10,000 or more is more preferred. A cationic high-molecular compound 

command "1 ^ * 2 '°°° " mW U " d ln the inV6nti ° n is «""*d with a 

compound showmg a single maximum value ( a peak ) in a molecular weight analysis by gel permeation 

chromatography, and a compound having a weight-average molecular weight of 2,000 or more may be used 

even ,f ,t exhib.ts a p.ura. maximum value ( peaks ). If a cationic high-molecular compound h^g a we ght 

average molecular weight of less than 2,000 is used, or if a cationic high-molecular compound is not used but 

scZiZ 3 "' 0mCh, 9 h - mole t clJ,a ; com P°"nd or a nonionic high-molecular compound is used, firm fixing with 

take place ' nSuffic,ent and ' m absorbin 9 water, shifting and fa.ling-off of the water-absorbent resin may 

Preferable cationic high-molecular compounds used in the present invention are the compounds containing 

m th s'ca^ the' r f ^ amin ° gr0UP • 3 S6C0ndary 3min0 9rOUp ' 3 tertiar * amino g rau P. a " d 'bei sa ts 9 
1 STh >h a " T n ° 9r ° UP mea " 3 com P° und - <* which nitrogen atom of the amino group is neut- 
rahsed with an inorganic acid or an organic acid. An inorganic acid usable for this neutralisation is for example 
hydrochlonc acid, nitnc acd. sulfuric acid, or phosphoric acid, etc. An organic acid usable here is for exaZ e 
formic acid, acetic acid, propionic acid, or p-toluenesulfonic acid, etc. 
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Practical examples of the cationic high-molecular compound are cationic polyelectrolytes that are, for 
example, polyethyleneimine, a modified polyethyleneimine which is cross.inked by ep.halohydnne ,n a range 
sofuTe in water, polyamine. a modified polyamidoamine by graft of ethylene.mine. a protonated polyam, 
doamine polye heramine, polyvinylamine. modified polyvinylamine, polyalkylamine, polyamidopolyamine 
epfhaohyd^ne po.yvinylimidasole polyvinylpyridine. po.yvinylimidaso.ine, po.yviny.tetrahydropyrjd^ 
poiydialkylaminoaikyl vinyl ether, po.ydialky.aminoa.kyl ( meth ) acry.ate, polyallylamme. and salts of these 

C °Tp U retab.e amount of the cationic high-mo.ecu.ar compound is in a range of from about 0.1 to 30 parts 
by weight against 1 00 parts by weight of the water absorbent resin particle, a more preferab e one ,s in a range 
oTfrom about 0.3 to 20 parts by weight, and the most preferable is in a range of from about C 5 i to 10 parts by 
weight. If an amount of the cationic high-molecular compound is less than 0.1 part bjr weigh t t here is ^ a case 
where an improvement of the water-absorbent resin is insufficient and, if it exceeds 30 parts by »•» 
I a case where an effect corresponding to an added amount is not obtained, so that these cases are econom- 
caSy dfsadVantegeous. The cationic high-molecular compound is water-soluble and it is used ,n form of powder 
or an aqueous solution, or in a form dissolved in a mixture solvent of water with a hydroph.hc solvent such as 
ethanol or in a form allowed to react with the water absorbent resin particle. 

Fo a purpose! include the cationic high-molecular compound in a water absorbent matter, if the cationic 
high-molecular compound can be arranged so as to become a binder of the water-absorbent resin partic • with 
a cellulose fiber, a means to do so is not limited. The cationic high-molecular compound W*****"*^ 
of a oowder may be sprayed in a liquid form which is made by dissolv.ng or d.spersmg it in a veh.cle such as 
Ite^ o" an organic solvent etc., or used in a method which comprises removing the vehicle after immersing 
Z the Aforementioned liquid, if necessary, removing the vehicle by drying. A preferable method is such as mixing 
a water absorbent res^ particle beforehand with a cationic high-molecular compound and thereby, obtaining 
a wa e -absorbent agent by treating the surface of the water absorbent resin particle, and furthermore, mixmg 
^ler-absorb^ 

with a cationic high-molecular compound is carried out by using a device such as a h.gh speed agitating r™er 
an air mixer, a tumbling mixer, and bundary mixer. In mixing, it may be possible to coexist an organic powde 
such as a cellulose powder etc. and an inorganic powder such as silica fine particles etc. Furthermore, the water 
absorbent resin particle treated as the above may be, if necessary, dried. 

The treatment of a water-absorbent resin particle with a cationic high-molecular compound ,s earned out 
for example by blending both the resin particle and the high-molecule compound in the presence of water and 
br nglng them in contact during from 1 0 seconds to 60 minutes. Otherwise, a reaction of a water-absorbent res.n 
paS"e 1th a cationic high-mo.ecu.ar compound can be al.owed either by mixing the water-absorbent resin 
Sc.es beforehand with the cationic high-mo.ecular compound partides fo..owed by adding water or an 
aqueous so.ution or by mixing beforehand the water-absorbent resin partides and hS^^l^ 
pound particles with a cellulose fiber followed by adding water or an aqueous solution. I the latt er case the 
adding of water etc. does not require to be in advance of the use of a water absorbent matter, but ,t is possible 
^water-absorption during the le of using the water absorbent matter. In this case, treatment o the water 
absonbent resin particles with the cationic high-molecular compound and firm adhes.on of the particles with the 
cellulose fiber occur simultaneously in the using time. 

in the present invention, an aqueous solution containing a cationic high-molecular <^^«££ 
an aqueous solution not containing a cationic high-molecular compound ,s m.xed with water-absorbent resin 
particles in several types of form. For example, the water-absorbent resin particles may be immersed .n a sol- 
ution mixed with liquid drops, or mixed in a mist type formed by spraying the solution. 

The polyamidopolyamine epiha.ohydrine resin using in the present invention is for exam p^ a resin 
obtained from a condensation polymer between a po.yalky.enepolyamine and a P ol V c ^^ 
with an epihalohydrine and, there is more practically exemplified a polyamidopolyam.ne ^ h '° ro ^"" e ™ " 
obtained from a condensation product between diethylenetriamine and adipic ac.d by reacting with 

ePi Tth 0 e hy prese e nt invention, a preferable amount of a polyamidopolyamine epiha.ohydrine resin is ; in a , range 
of from about 0.01 to 30 parts by weight against 100 parts by weight of a dried water-absorbent e^ntod 
polymer a more preferable amount is in a range of from about 0. 1 to 20 parts by we.ght, and the most preferable 
amount s in a range of from about 0.5 to 10 parts by weight. If it is less than 0.01 part by weight , improvemen 
7the water-absoLnt crosslinked polymer may be insufficient and. if it exceeds 30 parts by weight, an effect 
corresponding to an added amount may not be obtained and also, economically disadvantageous. 
^E™Lr absorbent of present invention is obtained by adding followed by mixing a polyamidopolyamine 
epihalohydrine resin with a water-absorbent crosslinked polymer. The time for adding it to the "t*^™*"' 
crosslinked polymer is not especially limited as far as it does not disturb a process for producing a water absor- 
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bent and, for example, it is possible to add and mix a water-absorbent crosslinked polymer having a water- 
l°2ZL 9 * \ C Z ^ ° f thiS PO,ymer ' aft6r dryi " 9 f ° ,IOWed bv — ^9 of it, or in a process for 

preyed that hi " ? * ^ ° Ut the miXi " 9 ,n the presence of water - before * is more 

™NniH ? P o| y^'dopo'yam,ne epichlorohydrine resin is added and mixed with the water-absorbent 

™1 , P ? T ' 3 COnditi ° n ° f a " aqUe ° US SO ' Uti0n - ln the present inven «°"- Possible to add an 
" e Z S ° IUt, r?. CO nta ! mn . 9 3 Po'yamidopolyamine epichlorohydrine resin under a mixing condition in form of 

such asXn , ' 0n, K a qU ' d dr ° P ' 3 miSt < 3 ^ Sma " ' iquid dr0D >■ elc - Also - a ^ophilic organic soZ 
such as e hanol may be contained in an aqueous solution. In mixing a polyamidopolyamine epihalohydrine resin 

m xe 3 "ft'-*** 0 *** Cr0 h S 1 S ' inked P °' ymer - thGre h3S been used a d -ice. for example, a J g pee'dTgUa'g 
mixer, an air mixer, a trumbl.ng mixer, and a bundary mixture, etc. In mixing, it is possible to coexist an oraanic 
powder such as a cellulose powder, etc. or an inorganic powder such as silica fine particles fZtrZe Z 
water absorbent obtained may be dried, if necessary. t-urtnermore, the 

To obtain a water absorbent matter from the forementioned water-absorbent resin particles ( or water 
absorbent) and a cellulose fiber, there may be adopted a means known in public, for examp^ mJt od 1 ich 

Iiim^k ' T 9 P Cl6S W ' th the Pap6r ° r mat ' and a method which comprises blending uniformly a 
M a Z l e l Water f S ° rbent r6Sin PartiC ' eS - A Preferable means is a method which compnsesTxing 
IZunt Z > wat <* ^sorbent resin particles with a cellulose fiber in a gas phase followed by 

So oJ? L m wl n9 ^ miXtUrS and COmpressina - 11 is Possible by this method to greatly suppress 

fall,ng-off of the water-absorbent res.n particles from the cellulose fiber. The compressing may be carried out 
under heat.ng and the temperature range is, for example, from about 50 to 200°C 

* m Ih e CeHl ! IOS f Preferably usable in the P resen * invention are, for example, a wood pulp fiber such as 
a mechamcal pulp, chem.cal pulp, semichemical pulp, and dissolved pulp, and an artificial crtluLTflb^uS 

Tsvnthe^f b r tate h 6tC - A , P T able Ce " U,0Se " 3 W °° d PU ' P fib - These cellulose fi oers may part ^ contain 
a synthetoc fiber such as polyethylene, polypropylene, Nylon, a polyester etc 

The water absorbent matter in the present invention can be composed of from 10 to 95 % by weiqht of 
water absorbent resin particles and from 5 to 90 % by weight of a cellulose fiber ( a total of the wlr-abSben 
resin part.cles and the cellulose fiber is 1 00 % by weight ). In particular, in a low p o portion rang To L celCose 

of from°; h e T P ' fr ° m V° 60 % ty Wei9ht >' the W6i9ht ° f the water a bsorbent ma'tter is as light a in 7S£Z 
of from about one second to one third of a prior one ( cellulose fiber proportion = 80 to 90 % by weight! but 
the absorbent matter displays a water-absorbent performance in an extent equal to or more than the prior one 
The water absorbent matter of this invention has, for example, a density of from about 0.01 to 0.50 g/cm3 
of watera °sorbent matter of the present invention is not limited by its shape and a distribution condition 

ilZL^ZT ,P9 ? e W3ter abS ° rbent matter - Th6refore - there ca " b e ad °Pted a method which 

-s hitherto known ,n pubhc and has been used to obtain a water absorbent matter having a shape suitable for 
using as a disposable diaper or a sanitary napkin, for example, of a sheet type or a web type 

Besides, ,n this invention the water-absorbent resin particles may be treated, for example with a crosslink- 

Z a ZT n ZT th ; SU H rface by a cova,ent bond before treating with a w-™^r^S2. 

211 T „■ 3 meth ° d f ° r Pr ° ducin9 a water ^sorbent, which is superior in the water- 

matte?, o ZT r " " *' ^ wHh * ^ in a P rocess researching water absorbent 

the partic^ suZe J!" f T a K bS ° rbent thiS C3n bS ° btain6d fr0m 3 method which c °"P-es treatfng 
Zll Z t ? ? water-absorbent resin having an acidic group with a crosslinking agent having two or 

cTs.,?kfnaT e 3' CaP fi e °l f ° m,n9 3 C ° Valem b ° nd by reacti " 9 with said acid - group, hereby 
E^c^ISS? 8 8 Z add, ' C 9r ° UP ' and then ' miXi " 9 the partiCles with a cation ' c hi g" molecu- 

racZwith th^ We ' 9ht - aV f: age m0 ' eCUlar Wei9ht ° f 2000 ° r m ° re Capable of formi "g a " ionic bond by 
with al he 3 hh> 9r ° UP ' "I S tr6atment ' 3 ' ayer crosslinked ^ a covalent bond should not be bonded 
with all of the ac d,c groups on the particle surface and it is necessary to remain a part of the acidic groups 

0 o\ no 1 0 larfsT CrOS t ,king - A rJ? 1516 am ° Unt f ° r USe ° f the cross,inkin g a 9 a * - in a range o tmTout 
* n T L 9 * agamSt 1 °° P3rtS by Wei9ht of a water-absorbent resin. If the crosslinking agent is 
less than 0 0 part by weight, the crosslinking may be insufficient and, if it exceeds 1 0 parts by we.ght arema Z 

kedrerbvr s e c r id , ic 9 :r s , c r pab,e of ionic bonding may be insufficient - ,n a ^ «fSZ:zxz. 

ked layer by th,s covalent bond, ,t is important that an aqueous solution containing a crosslinking agent is used 
and m,xed ,n an amount of not covering all of the surface of water-absorbent resin pm*J^ZZ£ZT n 

range ). A mixture of the water-absorbent resin particles and the crosslinking agent is treated with heating at 
a temperature in a range of from about 40 to 250 «C for from 1 to 120 minutes and thereby a laye r cross finked 
by a covalent bond is formed on the surface of water-absorbent resin particles. The mixing o an aqueous S o' 
ut,on containing a crosslinking agent with the water-absorbent resin particles is earned oufin various form ( for 
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example by immersing the particles in an aqueous solution of a crosslinking agent, by mixing liquid drops of 
this aqueous solution with the particles, and by converting this aqueous solution in a mist type with spraying 
and then, mixing it with the particles ). In this mixing, there has been used a device, for example, a high speed 
agitating mixer, an air mixer, a trumbling mixer, and a bundary mixture, etc. In mixing, it is possible to coexist 

5 an organic powder such as a cellulose powder, etc. or an inorganic powder such as silica fine particles. Wa- 
ter-absorbent resin particles after the treatment may be dried, if necessary. 

The forementioned crosslinking agent has not any special limitation as far as it is a compound having two 
or more of a functional group capable of forming a covalent bond by reacting with an acidic group of the wa- 
ter-absorbent resin, and also, the two or more functional groups need not to be identical each other. Functional 

to groups of this kind are, for example, an epoxy group, an aldehyde group, and a hydroxyl group. Preferable 
crosslinking agents are, for example, a polyglycidyl ether such as ethylene glycol diglycidyl ether, polyethylene 
glycol diglycidyl ether, glycerine triglycidyl ether, etc.; a haloepoxy compound such as epichlorohydnne and a 
- methvlchlorohydrine. etc.; a polyaldehyde such as glutaraldehyde ( glutaric dialdehyde ) and glyoxal, etc.; and 
a polyol such as glycerine, pentaerythritol, ethylene glycol, and polyethylene glycol, and they are used a one 

,5 or in combination of two kinds or more. Preferable crosslinking agents are water-soluble and are used in form 
of an aqueous solution or in a form dissolved in a mixed solvent of water and a hydrophilic organic solvent such 

38 InttS' invention, in case of carrying out both of treatment by using a crosslinking agent and treatment by 
using a cationic high-molecular compound, the sequence of these treatments is important. If a covalent bond- 
20 crosslinked layer is set after an ionic bond layer being set. or if both the layer is simultaneously set. the effects 
of this invention are not obtained. Also, if only the ionic bond layer is set without setting a covalent bond-cross I in- 
ked layer, or if only the covalent bond-crosslinked layer is set without setting an ionic bond layer, the effects 
of this invention are not similarly obtained. 

The water-absorbent matter of the present invention, even after the water-absorbent resin part.cles swelled 
25 by absorbing water, is little in falling-off from a cellulose fiber, in shifting in a cellulose fiber, and in decomposition 
of water-absorbent resin particles, and is superior in the water-absorbent property, so that it can be applied in 
various uses. The undermentioned are examples of the fields for use. 

( 1 ) Water absorbent matter using for absorbent articles disposable diaper, sanitary napkin, unnary incon- 
tinence pad, and pad for medical service, etc. 
30 ( 2 ) Water-absorbent and water-holding matter using for agriculture and gardening sphagnum replace- 

ment, soil-improving material, water-holding material, and material by which the effects of agricultural 

chemicals, etc. last. . 

( 3 ) Water absorbent matter for architecture dew condensation-preventive material for .ntenor decorating 

wall material, and cement-curing material, etc. 
35 ( 4 ) Others release-controlling material, material to maintain the cold, disposable body warmer, matenal 

for sludge-solidification, material to maintain freshness for foods, and drip-absorbent material, etc. 
If there are contained a cationic high-molecular compound, water-absorbent resin particles, and a cellulose 
fiber in the presence of water, the cationic high-molecular compound works like a binder of the water-absorbent 
resin particles with the cellulose fiber, so that the water-absorbent resin particles are firmly set with the cellulose 
40 fiber via the cationic high-molecular compound. By being set like this, the water-absorbent resin part.cles does 
not easily shift in the cellulose fiber or fall off from the cellulose fiber, even when it has absorbed water. Besides, 
decomposition of the water-absorbent resin is prevented. 

The surface of water-absorbent resin particles having acidic groups is treated with a crosslinking agent hav- 
ing two or more of a functional group capable of making a covalent bond by reacting with the ac.d.c groups. 
45 thereby crosslinking is carried out at a part of the acidic groups, thereby the water-absorbent res.n particles 
becomes hard in forming fish-eyes and the water-absorbent performance of water-absorbent res.n itself is ele- 
vated Besides, after treating with a crosslinking agent, the surface of particles is mixed with a cat.on.c high- 
molecular compound capable of making an ionic bond by reacting with the acidic group. The cation.c 
hiqh-molecular compound undergoes a reaction with the acidic group remaining on the particle surface in the 
so presence of water and, in the presence of water, it makes easy the water-absorbent resin particles in putting 
together with a partner material such as a cellulose fiber, which makes a complex [ to make the putting-together 
easy is possible not only by liquid water, but also by water in a gas phase ( so-called moisture )] . By doing 
these even after absorbing water, it becomes difficult that the water-absorbent resin shifts in the partner ma- 
terial for making a complex such as a cellulose fiber or it falls off from the material. This kind of effects is only 
55 possible by carrying out the above treatment in the forementioned sequence. 

The water absorbent matter of this invention shows superior effects such as no falling-off and no shifttng 
of swelled water-absorbent resin particles. The shifting aside etc. which is liable to occur after absorption of a 
solution in a conventional water absorbent matter is much improved in the water absorbent matter of this inven- 
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tion. 



Accordingly, the water absorbent matter of this invention is very useful for an absorption article such as a 
disposable diaper, sanitary napkin, and an urinary inconvenience pad. Such a superior water-absorbent matter 
is easily produced according to the production method of this invention. 

According to the method for producing a water absorbent of this invention, there is obtained a water absor- 
bent which displays a superior water-absorbent property in a sole use. Besides, this water absorbent has such 
a superior effect as, in a case where the absorbent was led to a water absorbent matter by making a complex 
w.th a cellulose fiber, it does not fall off or does not shift even after absorbing water or swelling. Since shifting 
and falling-off of the water absorbent in this water absorbent matter are little even after absorbing water the 
shifting aside of a water absorbent matter which is hitherto liable to occur is much improved. Accordingly' the 
water absorbent obtained from the present invention is particularly useful for water-absorbent articles such as 
disposable diapers, sanitary napkins, and urnary incontinence pads. 

A water absorbent of the present invention has not only an effect that it displays a superior water-absorbent 
property in a sole use, but also a superior effect that the water absorbent does not fall off or does not shift even 
after swelling, for example, in a case where the absorbent is led to a water absorbent matter by making a com- 
plex with a cellulose fiber. Since shift and falling-off of the water absorbent are little even after absorbing liquid 
the water absorbent matter of the present invention is able to greatly improve the shifting aside of a water absor- 
bent matter which is so far liable to occur. Accordingly, a water absorbent and a water absorbent matter obtained 
from the present invention are particularly useful for water-absorbent articles such as disposable diapers sani- 
tary napkins, and urnary incontinence pads. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a schematic view of a device for measuring the absorption amount under pressure of a water absor- 
bent matter. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, practical examples and comparative examples of the present invention are shown but this 
invention is not limited with the undermentioned examples. Hereinafter, the simple denotations r % J and r 
part J mean r % by weight J and l~ part by weight J , respectively. 

Example for synthesising water-absorbent resin 

A polymerisation reaction of 4.000 parts of a 37 % aqueous solution of an acrylate-based monomer com- 
posed of 74.95 mole % of sodium acrylate, 25 mole % of acrylic acid, 0.05 mole % of trimethylolpropane triac- 
rylate, with 2.0 parts of ammonium persulfate and 0.08 parts of 1 -ascorbic acid was carried out at a temperature 
in a range of from 30 to 80°C under a nitrogen atmosphere, whereby a gel type water-containing crosslinked 
polymer was obtained. The polymer obtained is dried by a hot wind drier of 150 °C, crashed by a hammer mill 
and sieved by a 20 mesh metal net screen ( a Tyler standard screen scale sieve, hereinafter the same )' 
whereby a product which passed through the 20 mash was obtained. This is called as the water-absorbent resin 
particles ( a ). 

Production example 1 

To 100 parts of the water-absorbent resin particles ( a ) were added 0.5 parts of glycerine, 2 parts of water 
and 2 parts of ethyl alcohol and mixed, and then the mixture was treated with heating at 210°C for 10 minutes 
whereby a water-absorbent polymer A secondary-crosslinked at a part adjacent to the surface was obtained' 
Furthermore, to 1 00 parts of the water-absorbent polymer A obtained were added 20 parts of Polymine SK ( a 
modified polyethyleneimine, made by BASF Co., Ltd., a weight-average molecular weight was about 100 000 
and a 20 % aqueous solution ) and mixed, then the mixture was dried with heating for 120°C for 10 minutes 
and sieved by a 20 mesh screen, whereby a product which passed through the 20 mesh was obtained This 
is called as the water absorbent ( 1-1 ). 

Production example 2 

With 100 parts of the water-absorbent polymer A obtained from the production example 1 were mixed by 
spraying 15 parts of Polymine SN ( a modified polyethyleneimine, made by BASF Co., Ltd., a weight-average 
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molecular weight was about 1 00,000, and a 20 % aqueous solution ), and then the mixture was dried with heat- 
ing for 120°C for 10 minutes and sieved by a 20 mesh screen, whereby a product which passed through the 
20 mesh was obtained. This is called as the water absorbent ( 1-2 ). 

Production example 3 

To 1 00 parts of the water-absorbent polymer A obtained from the production example 1 were added 5 parts 
of a 30 % aqueous solution of Epomine P-1000 ( a polyethyleneimine, made by Nippon Shokubai Co., Ltd., a 
weight-average molecular weight was about 70,000 ) and mixed, whereby a water absorbent ( 1-3 ) were 
obtained. 

Production example 4 

To 1 00 parts of the water-absorbent resin particles ( a ) were added 33.4 parts of a 30 % aqueous solution 
of Epomine P-1000 ( a polyethyleneimine, made by Nippon Shokubai Co., Ltd., a weight-average molecular 
weight was about 70,000 ) and mixed, then the mixture obtained was dried with heating at 1 20 °C for 20 minutes 
and sieved by a 20 mesh screen, whereby a product which passed through the 20 mesh was obtained. This 
is called as the water absorbent ( 1-4 ). 

Production example 5 

To 100 parts of the water-absorbent polymer A obtained from the production example 1 were added 1.7 
parts of a 30 % aqueous solution of Epomine P-1000 ( a polyethyleneimine, made by Nippon Shokubai Co., 
Ltd., a weight-average molecular weight was about 70,000 ) and mixed, whereby a water absorbent ( 1-5 ) were 
obtained. 

Production example 6 

To 100 parts of the water-absorbent polymer A obtained from the production example 1 were added 10 
parts of a 30 % aqueous solution of Epomine SP-200 ( a polyethyleneimine, made by Nippon Shokubai Co., 
Ltd a weight-average molecular weight was about 1 0,000 ) and mixed, then the mixture obtained was dried 
with heating at 1 20°C for 20 minutes and sieved by a 20 mesh screen, whereby particles which passed through 
the 20 mesh were obtained. This is called as the water absorbent ( 1-6 ). 

Production example 7 

To 100 parts of the water-absorbent resin particles ( a ) were added 8 parts of a 10 % aqueous solution of 
ethyleneglycol diglycidyl ether ( Denacol EX-810, made by Nagase Chemicals Co., Ltd. ) and mixed, then the 
mixture obtained was treated with heating at 120 °C for 30 minutes, whereby a water-absorbent polymer B sec- 
ondary-crosslinked at a part adjacent to the surface was obtained. The water-absorbent polymer B was a pow- 
der Furthermore to 100 parts of the water-absorbent polymer thus-obtained B were added 3 parts of a 
dimethylaminoethyl acrylate - acrylamide - acrylic acid copolymer powder ( a 30 : 60 : 10 mole ratio of 
dimethylaminoethyl acrylate to acrylamide to acrylic acid, a weight-average molecular weight was about 
1,000,000, and a product which passed through a 100 mesh screen ) and mixed, whereby a water absorbent 
( 1-7 ) were obtained. 

Production example 8 

The water-absorbent polymer A obtained from the production example 1 were led to a water-absorbent 
polymer C ( a particle diameter of 250 - 149 nm ) by classifying the polymer A with a 60 - 100 mesh screen. 
Then to 1 00 parts of the water-absorbent polymer C were added 1 0 parts of a 30 % solution of Epom.ne P-1 000 
( a polyethyleneimine, made by Nippon Shokubai Co., Ltd., a weight-average molecular weight was about 
70 000 ) and mixed, dried with heating at 120 °C for 10 minutes, and sieved with a 20 mesh screen, whereby 
a product which passed through the 20 mesh was obtained. This is called as the water absorbent ( 1-8 ). 

Production example 9 

The water-absorbent polymer A obtained from the production example 1 were led to a water-absorbent 
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polymer D ( a particle diameter of 149 urn or less ) by classifying the polymer A with a 100 mesh screen. Then 
to 100 parts of the obtained water-absorbent polymer D were added 10 parts of a 30 % aqueous solution of 
Epomme P-1000 ( a polyethyleneimine, made by Nippon Shokubai Co., Ltd., a weight-average molecular 
we.ght was about 70,000 ) and mixed, dried with heating at 120 °C for 10 minutes, and sieved with a 20 mesh 
screen, whereby a product which passed through the 20 mesh was obtained. This is called as the water absor- 
bent ( 1 -9 ). 



Production example 10 



To 1 00 part of the water-absorbent polymer A obta ined from the production example 1 were added 7 5 parts 
of a 40 % aqueous solution of a polyallylamine hydrochloride salt ( PAA-HCL-10L, made by Nitto Boseki Co 
Ltd., a weight-average molecular weight was about 60,000 ) and mixed, dried with heating at 120°C for 10 
minutes, and sieved with a 20 mesh screen, whereby a product which passed through the 20 mesh was 
obtained. This is called as the water absorbent ( 1-10 ). 



Production example 1 1 



To 100 parts of the water-absorbent resin particles ( a ) were added 10 parts of a 30 % aqueous solution 
of Epomme P-1000 ( a polyethyleneimine, made by Nippon Shokubai Co., Ltd., a weight-average molecular 
weight was about 70,000 ) and mixed, dried with heating at 120 °C for 10 minutes, and sieved with a 20 mesh 
screen, whereby a product which passed through the 20 mesh was obtained. This is called as the water absor- 
bent ( 1-11 ). 

Production example 12 

To 100 part of the water-absorbent polymer A obtained from the production example 1 were added 12 5 
parts of a 40 % aqueous solution of a polyethyleneimine-polyethylene glycol block copolymer ( a mole ratio 
o^ 6n ethyleneimine and ethylene glycol was 50 to 50 and a weight-average molecular weight was about 
80,000 ) and mixed, dried with heating at 120°C for 10 minutes, and sieved with a 20 mesh screen whereby 
a product which passed through the 20 mesh was obtained. This is called as the water absorbent ( 1-12 ). 

Production example 13 

To 100 parts of the water-absorbent polymer A obtained from the production example 1 were added 20 
parts of a 30 % aqueous solution of Epomine P-1000 ( a polyethyleneimine, made by Nippon Shokubai Co 
Ltd., a weight-average molecular weight was about 70,000 ) and mixed, and the mixture obtained was dried 
with heating at 120 °C for 10 minutes and sieved by a 20 mesh screen, whereby a product passed through the 
20 mesh was obtained, and then, 1 .0 part of Aerosil 200 (fine silicone dioxide powder, made by Nippon Aerosil 
Co.) was added into the treated polymer with mixing. This is called as the water absorbent ( 1-13 ). 

Comparative production example 1 

The water-absorbent resin particles ( a ) were assigned as the comparative water absorbent ( 1-1 ). 
Comparative production example 2 

The water-absorbent polymer A obtained from the production example 1 was sieved by a 20 mesh screen 
to obtain a passed product. This is called as the comparative water absorbent ( 1-2 ). 

Comparative production example 3 

To 100 parts of the water-absorbent polymer A obtained from the production example 1 were added 10 
parts of a 30 % aqueous solution of ethylenediamine and mixed, and the mixture obtained was treated with 
heating at 120 °C for 10 minutes and sieved by a 20 mesh screen, whereby a product passed through the 20 
mesh was obtained. This is called as the comparative water absorbent ( 1-3 ). 
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Comparative production example 4 

To 100 parts of the water-absorbent polymer A obtained from the production example 1 were added 10 
parts of a 30 % solution of Epomine SP-012 ( poiyethyleneimine, made by Nippon Shokubai Co., Ltd., a weight- 
average molecular weight was about 1,200 ) and mixed, and the mixture obtained was dried with heating at 
120°C for 10 minutes and sieved by a 20 mesh screen, whereby a product passed through the 20 mesh was 
obtained. This is called as the comparative water absorbent ( 1-4 ). 

Comparative production example 5 

To 1 00 parts of the water-absorbent polymer A obtained from the production example 1 were added 3 parts 
of the N-1 00 powder ( a nonionic acryl amide-based polymer having a weight-average molecular weight of about 
17,000,000, made by Mitsui-Cyanamid, Ltd., a product which passed through a 100 mesh screen ) and mixed. 
This is called as the comparative water absorbent ( 1-5 ). 

Comparative production example 6 

To 100 parts by weight of the water-absorbent crosslinked polymer ( a ) was added with mixing a mixture 
solution composed of 10 parts by weight of water and 2 parts by weight of an epichlorohydrin-ethylenediamine 
reaction solution ( a product obtained by mixing with stirring 3 parts by weight of epichlorohydrin, 0.49 parts by 
weight of ethylenediamine, and 30 parts by weight of methanol followed by standing them at 50°C for 15 hours 
for reaction, a weight-average molecular weight was about 980 ), whereby the comparative water absorbent 
( 1-6 ) was obtained. 

25 Example 1-1 

The water absorbent ( 1-1 ), 100 parts, obtained from the production example 1, and 100 parts of ground 
pulp were mixed under a dry condition in a mixer and then, the produced mixture was pneumatically molded 
on a wire screen using a batch type pneumatically molding device, whereby a web having a size of 10 cm x 
30 20 cm was obtained. The upper and lower faces of the obtained web were held between tissue papers having 
a basis weight of 0.0013 g/cm 2 and pressed with heating for 1 minute at 150°C under a pressure of 2 kg/cm 2 , 
whereby the water absorbent matter ( 1-1 ) of this invention having a basis weight of about 0.05 g/cm 2 and a 
density of about 0.17 g/cm 3 was obtained. 

35 Examples 1-2 to 1-13 and comparison examples 1-1 to 1-6 

Using the water absorbent ( 1-2 ) to ( 1-13 ) obtained from the production examples 2 to 13 and the com- 
parative water absorbent ( 1-1 ) to ( 1-6 ) obtained from the comparative production examples 1 to 6, the pro- 
cedure of example 1-1 was repeated to obtain the water absorbent matters ( 1-2 ) to ( 1-13 ) and the 
40 comparative water absorbent matters ( 1-1 ) to ( 1 -6 ). The water absorbent matters and water absorbents were 
denoted so as to have the same number. 

Example 1-14 

45 The water absorbent ( 1 -1 1 ), 1 00 parts, obtained from the production example 1 1 and 1 00 parts of ground 

pulp were mixed under a dry condition in a mixer and then, the produced mixture was pneumatically molded 
on a wire screen using a batch type pneumatically molding device, whereby a web having a size of 10 cm x 
20 cm was obtained. The upper and lower faces of the obtained web were held between tissue papers having 
a basis weight of 0.0013 g/cm 2 and pressed for 1 minute at room temperature under a pressure of 2 kg/cm 2 , 

so whereby the water absorbent matter ( 1-14 ) of this invention having a basis weight of about 0.05 g/cm 2 and a 
density of about 0.07 g/cm 3 was obtained. 

Example 1-15 



55 



The water absorbent ( 1-3 ), 20 parts, obtained from the production example 3 and 180 parts of ground 
pulp were mixed under a dry condition in a mixer and then, the produced mixture was pneumatically molded 
on a wire screen using a batch type pneumatically molding device, whereby a web having a size of 10 cm x 
20 cm was obtained, the upper and lower faces of the obtained web were held between tissue papers having 
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a basis weight of 0.0013 g/cm 2 and pressed with heating for 1 minute at 150°C under a pressure of 2 kg/cm2 
whereby the water absorbent matter ( 1-15 ) of this invention having a basis weight of about 0.05 g/cm2 and a 
density of about 0.12 g/cm 3 was obtained. 

Comparative example 1-7 

The procedure of example 1-15 was repeated except that the comparative water absorbent ( 1-2 ) obtained 
from the comparative production example 2 were used instead of the water absorbent ( 1-3 ), whereby a com- 
parative water absorbent matter ( 1-7 ) having a basis weight of about 0.05 g/cm2 and a density of about 0 12 
g/cm 3 was obtained. 

Example 1-16 

The water absorbent ( 1-3 ), 40 parts, obtained from the production example 3 and 160 parts of ground 
pulp were mixed under a dry condition in a mixer and then, the produced mixture was pneumatically molded 
on a wire screen using a batch type pneumatically molding device, whereby a web having a size of 10 cm x 
20 cm was obtained. The upper and lower faces of the obtained web were held between tissue papers having 
a basis weight of 0.0013 g/cm2 and pressed with heating for 1 minute at 150°C under a pressure of 2 kg/cm2 
whereby the water absorbent matter ( 1-16 ) of this invention having a basis weight of about 0.05 g/cm2 and a 
density of about 0.14 g/cm 3 was obtained. 

Example 1-17 

Into 100 parts of ground pulp were immersed 750 parts of a 0.4 % aqueous solution of Epomine P-1000 
( a polyethyleneimine having an average molecular weight of about 70,000, made by Nippon Shokubai Co 
Ltd. ). A matter obtained by drying the above-treated pulp with heat at 120°C was mixed in a mixer and a dry 
condition with 100 parts of the water absorbent polymer A obtained from the production example 1 and the 
mixture obtained was pneumatically molding on a wire screen using a batch type pneumatically molding device 
whereby a web having a size of 10 cm x 20 cm was obtained. The upper and lower faces of the obtained web 
were held between tissue papers having a basis weight of 0.0013 g/cm2 and pressed for 1 minutes at room 
temperature under a pressure of 2 Kg/cm 2 , whereby the water absorbent matter ( 1 -1 7 ) of this invention having 
a basis weight of about 0.05 g/cm 2 and a density of about 0.07 g/cm 3 was obtained. 

Examples 1-18 to 1-34 and comparative examples 1-8 to 1-14 

The water absorbent matters ( 1-1 ) to ( 1-17 ) obtained from the examples 1-1 to 1-17 and the comparative 
water absorbent matters ( 1-1 ) to ( 1-7 ) obtained from the comparative examples 1-1 to 1-7 were tested by 
the undermentioned methods to evaluate absorption properties of the water absorbent matters. 

[ amount of absorption under pressure ] 

As shown in Fig. 1 , a device used was equipped with the open air-sucking pipe 2 placed on the scale 1 a 
vessel 4 which accommodates a 0.9 % normal saline solution 3, and a reversed funnel 6 penetrated by a pipe 
5 to a part of the vessel 4 which accommodates a normal saline solution, and furthermore, a plate 7 ( a hole- 
opened plate ) furnished with a liquid-supplying hole of a 10 mm diameter was fixed at the center of a top part 
of the reversed funnel 6. On the hole-opened plate 7 the water absorbent matter was placed, on which a weight 
9 was placed, and after this weighting condition for 30 minutes using a 30 g/cm 2 load, an absorbing amount 
by the water absorbent matter ( an absorption amount under pressure ) was measured. Besides, the water 
absorbent matter used was such as being beforehand cut off in a circle of 9 cm diameter. 

[ Falling-off percentage of water absorbent ] 

Into 100 cc of a normal saline solution in a 100 cc beaker was poured a water absorbent matter being cut 
off in a 2cm x 4 cm size with stirring ( using a 45 mm stirrer with 100 rpm stirring ). After stirring for 10 minutes 
the water absorbent matter was taken out, weight of the water absorbent matter fallen off in the normal saline 
solution was measured and a falling-off percentage of the water absorbent matter was determined. Besides 
the amount of a water absorbent in the following equation (1 ) corresponds to a total amount of the water-absor- 
bent resin and the cationic high-molecular compound. 
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Equation (1): 

, 0/ . amount of water absorbent fallen off (g) x 100 

Falling-off percentage ( /o) amount of water abS orbent in original water absorbent matter (g) 
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Table 1 





no. or water 
absorbent 


water absorbent matter 


number 


absorption amount 
under pressure 
(g/g) 


falling-off 
percentage of 
water-absorbent 
resin (%) 


example 1-1 




(1-1) | 15.1 


1 


example 1-2 


/I ON 


(1-2) ; 15.6 


1 


example 1-3 


/i ON 

CI- J; 


(1-3) 16.0 


5 


example 1-4 


(1-4) 


(1-4) 


15.0 


1 


example 1-5 


(1-5) 


(1-5) 


15.8 


10 


example 1-6 


(1-6) 


(1-6) 


15.5 


26 


example 1-7 


(1-7) 


(1-7) 


16.2 


30 


example 1-8 


(1-8) 


(1-8) 


16.3 


25 


1 1 A 

example 1-9 


(1-9) 


(1-9) 


15.2 


28 


example 1-10 


(1-10) 


(1-10) 


15.4 * 


2 


example l-n 


n 1 1 ^ 

LL-1JJ 


(1-11) 


15.0 


1 


example 1-12 


(1-12) 


(1-12) 


15.1 


19 


example 1-13 


(1-13) 


(1-13) 


15.7 


6 


example 1-14 


(1-11) 


(1-14) 


15.2 


1 


example 1-15 


(1-3) 


(1-15) 


7.8 


5 


example 1-16 


(1-3) 


(1-16) 


10.5 


18 


example 1-17 




(1-17) 


15.6 


1 



14 



EP0 493 011 A2 



Table 2 



I 

i 

i 


No. of 
comparative 
water 
absorbent 


comparative water absorbent matter 




number 


— — r 

absorption amount j 
under pressure ] 

(g/g) j 


falling-off 
percentage of 
water-absorbent 
resin 00 


comparative example 1-1 


(1-1) 


Q-i) 


15.2 I 


96 


comparative example 1-2 


(1-2) 


(1-2) 


16.1 


92 


comparative example 1-3 


(1-3) 


(1-3) 


15.0 


93 j 


i comparative example 1-4 


(1-4) 


(1-4) 


15.0 


82 : 


comparative example 1-5 


(1-5) 


(1-5) 


15.0 


100 


comparative example 1-6 


(1-6) 


(1-6) 


12.3 


87 


comparative example 1-7 


(1-2) 


(1-7) 


7.8 • 


83 



As clearly seen in Tables 1 and 2, a water absorbent matter, in which a water absorbent obtained from a 
30 production method of the present invention is used, is superior in an absorption amount under pressure and 
much improved in the falling-off percentage of the water absorbent. 

Example 2-1 

35 To 100 parts of the water-absorbent polymer A obtained from the production example 1 were added 20 

parts of Polymine SK ( a modified polyethyleneimine, made by BASF Co., Ltd., a weight-average molecular 
weight was about 100,000, and a 20 % aqueous solution ) and mixed, then the mixture was dried with heating 
at 120 °C for 10 minutes and sieved by a 20 mesh screen, whereby a product which passed through the 20 
mesh was obtained. This is called as the water absorbent ( 2-1 ). 

40 

Example 2-2 

To 100 parts of the water-absorbent polymer A obtained from the production example 1 were added 5 parts 
of a 30 % aqueous solution of Epomine P-1000 ( a polyethyleneimine, made by Nippon Shokubai Co., Ltd., a 
45 weight-average molecular weight was about 70,000 ) and mixed, whereby a water absorbent ( 2-2 ) were 
obtained. The water absorbent ( 2-2 ) was a powder. 

Example 2-3 

so To 100 parts of the water-absorbent polymer A obtained from the production example 1 were added 1.7 

parts of a 30 % aqueous solution of Epomine P-1000 ( a polyethyleneimine, made by Nippon Shokubai Co., 
Ltd., a weight-average molecular weight was about 70,000 ) and mixed, whereby a water absorbent ( 2-3 ) were 
obtained. The water absorbent ( 2-3 ) was a powder. 

55 Example 2-4 

To 100 parts of the water-absorbent polymer A obtained from the production example 1 were added 10 
parts of a 30 % aqueous solution of Epomine SP-200 ( a polyethyleneimine, made by Nippon Shokubai Co., 
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Ltd., a weight-average molecular weight was about 10,000 ) and mixed, and the mixture obtained was dried 
with heating at 120 °C for 20 minutes and sieved by a 20 mesh screen, whereby a product passed through the 
20 mesh was obtained. This is called as the water absorbent ( 2-4 ). 

5 Example 2-5 

To 100 parts of the water-absorbent resin particles ( a ) were added 8 parts of a 10 % aqueous solution of 
ethyleneglycol diglycidyt ether ( DenacoL EX-810, made by Nagase Chemicals Co., Ltd. ) and mixed, then the 
mixture obtained was treated with heating at 120 °C for 30 minutes, whereby a water-absorbent polymer B see- 
to ondary-crossl inked at a part adjacent to the surface was obtained. The water-absorbent polymer B was a pow- 
der. Furthermore, to 100 parts of the water-absorbent polymer thus-obtained B were added 3 parts of a 
dimethylaminoethyl acrylate - acrylamide - acrylic acid copolymer powder ( a 30 : 60 : 10 mole ratio of 
dimethylaminoethyl acrylate to acrylamide to acrylic acid, a weight-average molecular weight was about 
1,000,000, and a product which passed through a 100 mesh screen ) and mixed, whereby a water absorbent 
is ( 2-5 ) were obtained. 



To 1 00 part of the water-absorbent polymer A obtained from the production example 1 were added 7,5 parts 
20 of a 40 % aqueous solution of a polyallylamine hydrochloride salt ( PAA-HCL-1 0L, made by Nitto Boseki Co., 
Ltd., a weight-average molecular weight was about 60,000 ) and mixed, dried with heating at 120°C for 10 
minutes, and sieved with a 20 mesh screen, whereby a product which passed through the 20 mesh was 
obtained. This is called as the water absorbent ( 2-6 ). 

25 Example 2-7 

To 100 parts of the water-absorbent polymer A obtained from the production example 1 were added 12.5 
parts of a 40 % aqueous solution of polyethyleneimine polyethylene glycol block copolymer ( a 50 : 50 mole 
ratio of ethyleneimine to ethylene glycol, a weight-average molecular weight was about 80,000 ) and mixed, 
30 and the mixture obtained was dried with heating at 120°C for 10 minutes and sieved by a 20 mesh screen! 
whereby a product passed through the 20 mesh was obtained. This is called as the water absorbent ( 2-7 ). ' 



To 100 parts of the water- absorbent polymer A obtained from the production example 1 were added 20 
parts of a 30 % aqueous solution of Epomine P-1000 ( a polyethyleneimine, made by Nippon Shokubai Co., 
Ltd., a weight-average molecular weight was about 70,000 ) and mixed, and the mixture obtained was dried 
with heating at 120 °C for 10 minutes and sieved by a 20 mesh screen, whereby a product passed through the 
20 mesh was obtained. This is called as the water absorbent ( 2-8 ). 



Comparative example 2-1 

The water-absorbent resin particles ( a ) were assigned as the comparative water absorbent ( 2-1 ). 
45 Comparative example 2-2 

The water-absorbent polymer A obtained from the production example 1 was sieved by a 20 mesh screen 
to obtain a passed product. This is called as the comparative water absorbent ( 2-2 ). 

50 Comparative example 2-3 

To 100 parts of the water-absorbent polymer A obtained from the production example 1 were added 10 
parts of a 30 % aqueous solution of ethylenediamine and mixed, and the mixture obtained was treated with 
heating at 120 °C for 10 minutes and sieved by a 20 mesh screen, whereby a product passed through the 20 
55 mesh was obtained. This is called as the comparative water absorbent ( 2-3 ). 



Example 2-6 



Example 2-8 
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Comparative example 2-4 

To 100 parts of the water-absorbent polymer A obtained from the production example 1 were added 10 
parts of a 30 % aqueous solution of Epomine SP-012 ( polyethyleneimine, made by Nippon Shokubai Co., Ltd., 
a weight-average molecular weight was about 1 ,200 ) and mixed, and the mixture obtained was dried with heat- 
ing at 120°C for 10 minutes and sieved by a 20 mesh screen, whereby a product passed through the 20 mesh 
was obtained. This is called as the comparative water absorbent ( 2-4 ). 

Comparative example 2-5 

To 1 00 parts of the water-absorbent polymer A obtained from the production example 1 were added 3 parts 
of the N-1 00 powder ( a nonionic acrylamide-based polymer having a weight-average molecular weight of about 
17,000,000, made by Mitsui-Cyanamid, Ltd., a product which passed through a 100 mesh screen ) and mixed. 
This is called as the comparative water absorbent ( 2-5 ). 

Comparative example 2-6 

To 1 00 parts of the water-absorbent resin particles ( a ) were added 33.4 parts of a 30 % aqueous solution 
of Epomin P-1000 ( a polyethyleneimine having a weight-average molecular weight of about 70,000, made by 
Nippon Shokubai Co., Ltd. ) and mixed, the mixture obtained was dried with heating at 120°C for 20 minutes 
and sieved by a 20 mesh screen, whereby a product passed through the 20 mesh was obtained. This is called 
as the comparative water absorbent ( 2-6 ). 

Comparative example 2-7 

To 100 parts of the water-absorbent resin particles ( a ) were added 10 parts of a 30 % aqueous solution 
of Epomin P-1000 ( a polyethyleneimine having a weight-average molecular weight of about 70,000, made by 
Nippon Shokubai Co., Ltd. ) and mixed, the mixture obtained was dried with heating at 120°C for 10 minutes, 
to which were added 0.5 parts of glycerine, 2 parts of water, and 2 parts of ethyl alcohol and the mixture obtained 
was heated at 210°C and sieved by a 20 mesh screen, whereby a product passed through the 20 mesh was 
obtained. This is called as the comparative water absorbent ( 2-7 ). 

Examples 2-9 to 2-16 and comparative examples 2-8 to 2-14 

Water-absorbent properties of the water absorbents ( 2-1 ) to ( 2-8 ) obtained from the examples 2-1 to 2-8 
and the comparative water absorbents( 2-1 ) to ( 2-7 ) obtained from the comparative examples 2-1 to 2-7 were 
compared by the under-described methods. Results obtained are shown in Table 3. 

[ Water absorbency ] 

A water absorbent, about 0.2 g, was uniformly put into a tea-bag type pouch ( 40 mm x 150 mm ) made of 
a nonwoven fabric, immersed in an large excess of a normal saline solution ( a 0.9 % sodium chloride solution ), 
and stood for 30 minutes. By doing these, the water absorbent in the pouch converted into a swelled gel. The 
tea-bag type which accommodated this swelled gel was drained and then, weighed. The water-absorbed weight 
by only the tea-bag type pouch was taken as a blank and, a value obtained by deducing the blank weight from 
the weight of after water-absorption was divided by the weight of water absorbent, and a thus-obtained value 
was assigned as the water absorbency ( g/g ). 

[ Suction power ] 

A water absorbent, 1 g, was added onto 16 sheets of toilet papers ( 55 mm x 75 mm ) which had been 
immersed in 20 ml of artificial urine ( composition: an aqueous solution containing 1 .9 % of urea, 0.8 % of sodium 
chloride, 0.1 % of calcium chloride, and 0.1 % of magnesium sulfate ), and a solution was absorbed during 10 
minutes and then, a swelled gel was taken, of which weight was defined as the suction power ( g/g ). 
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Table 3 (part 1/2) 





water absorbent 


number 


water absorbency 

(g/g) 


suction 
power 

(g/g) 


example 2-1 


(2-1) 


42 


14.5 


example 2-2 


(2-2) 


45 | 14.6 


example 2-3 


(2-3) 


44 15.2 


example 2-4 


(2-4) 


42 


14.7 


example 2-5 


(2-5) 


44 


17.2 


example 2-6 


(2-6) 


40 


16.0 


example 2-7 


(2-7) 


45 


14.4 


example 2-8 


(2-8) 


42 


16.3 



Table 3 (part 2/2) 





comparative water absorbent 


number 


water absorbency 

(g/&) 


suction 
power 
(g/g) 


comparative example 2-1 


(2-1) 


44 


12.9 


comparative example 2-2 


(2-2) 


45 


16.0 


comparative example 2-3 


(2-3) 


40 


15.1 


comparative example 2-4 


(2-4) 


41 


15.0 


comparative example 2-5 


(2-5) 


44 


15.6 


comparative example 2-6 


(2-6) 


43 


13.6 


comparative example 2-7 


(2-7) 


44 


13.4 
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As seen in Table 3, the water absorbents obtained from the present examples show high water absorbency 
and high suction power. The suction power is an index for the water absorption velocity and t that it is high means 
a high water absorption velocity. Among the water absorbents obtained from the comparative examples, those 
obtained from the comparative examples 2-2 to 2-5 show water absorbency and suction power similar to those 
obtained from the examples. However, in the comparative example 2-1 the water-absorbent resin particles ( a ) 
showed a low suction power because of no treatment, in the comparative example 2-6 the suction power was 
low because of no crosslinking by a crosslinking agent, and in the comparative example 2-7, because the 
crosslinking was attempted by a crosslinking agent after treating with a cationic high-molecular compound and, 
thereby, it was not sufficiently carried out and, as a result, the suction power was low. 



Example 2-17 

The water absorbent ( 2-1 ), 100 parts, obtained from the example 2-1 and 100 parts of ground pulp were 
mixed under a dry condition in a mixer and then, the produced mixture was pneumatically molded on a wire 
is screen using a batch type pneumatically molding device, whereby a web having a size of 10 cm x 20 cm was 
obtained. The upper and lower faces of the obtained web were held between tissue papers having a basis 
weight of 0.0013 g/cm 2 and pressed for 1 minute under a pressure of 2 kg/cm 2 , whereby the water absorbent 
matter ( 2-1 ) having a basis weight of about 0.05 g/cm 2 was obtained. 

20 Examples 2-18 to 2-24 and comparative examples 2-15 to 2-18 

Using the water absorbents ( 2-2 ) to ( 2-8 ) obtained from the examples 2-2 to 2-8 and the comparative 
water absorbents ( 2-2 ) to ( 2-5 ) obtained from the comparative examples 2-2 to 2-5 in which the water absor- 
bency and suction power were similar to those in the examples, the procedure of example 2-17 was carried 
25 out to obtain the water absorbent matters ( 2-2 ) to ( 2-8 ) and comparative water aborbent matters ( 2-1 ) to 
( 2-4 ). Besides, in the examples the water absorbent matters and water absorbents were denoted so as to have 
the same number, and in the comparative examples, the number of comparative water absorbent matters was 
afforded in sequence of from a comparative water absorbent having a low number to that having a high number. 

30 Examples 2-25 to 2-32 and comparative examples 2-19 to 2-22 

The water absorbent matters ( 2-1 ) to ( 2-8 ) obtained from the examples 2-1 7 to 2-24 and the comparative 
water absorbent matters ( 2-1 ) to ( 2-4 ) obtained from the comparative examples 2-15 to 2-18 were tested by 
the above-mentioned methods to evaluate absorption properties of the water absorbent matters. Results 
35 obtained are shown in Table 4. 
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Table 4 (part 1/2) 





No. of water 
absorbent 


water absorbent matter 




number 


absorption amount 
under pressure 

(g/g) 


falling-off 
percentage of 
water absorbent 
CO 


example 2-17 


(2-1) 


(2-1) 


15.1 


1 


example 2-18 


(2-2) 


(2-2) 


16.0 


5 


example 2-19 


(2-3) 


(2-3) 


15.8 


10 


example 2-20 


(2-4) 


(2-4) 


15.5 


26 


example 2-21 


(2-5) 


(2-5) 


16.2 


30 


j example 2-22 


(2-6) 


(2-6) 


15.4 


2 


example 2-23 


(2-7) 


(2-7) 


15.1 


19 


example 2-24 


(2-3) 


(2-8) 


15.2 


1 



30 



Table 4 (part 2/2) 





No. of 
comparative 

water 
absorbent 


comparative water absorbent matter 




number 


absorption amount 
under pressure 
(g/g) 


falling-off 
percentage of 
water absorbent 

CO 


comparative example 2-15 


(2-2) 


(2-1) 


16.1 


92 


comparative example 2-16 


(2-3) 


(2-2) 


15.0 


93 


comparative example 2-17 


(2-4) 


(2-3) 


15.0 


82 


comparative example 2-18 


(2-5) 


(2-4) 


15.0 


100 



50 



As seen in Table 4, a water absorbent matter, in which a water absorbent obtained from the production 
method of the present invention was used, is superior in the absorption amount under pressure and is very 
improved in the falling-off percentage of the water absorbent. The comparative water absorbent matter ( 2-1 ) 
showed a high falling-off percentage, because a water absorbent which was only surface-crosslinked by a 
crossliriking agent was used. The comparative water absorbent matter ( 2-2 ) showed a high falling-off percent- 
age, because a water absorbent made by using ethylenediamine instead of the cationic high-molecular com- 
pound was used. The comparative water absorbent matter (2-3) showed a high falling-off percentage, because 
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a water absorbent made by using polyethyleneimine of a low molecular weight such as a weight-average 
molecular weight of 2,000 or less instead of the cationic high-molecular compound was used. The comparative 
water absorbent matter ( 2-4 ) showed a high falling-off percentage, because a water absorbent made by using 
a nonionic high-molecular compound instead of the cationic high-molecular compound was used. 

[ Production example 3-1 ] Example for synthesising water-absorbent crosslinked polymer ( 3-a ) 

A polymerisation reaction of 4,000 parts of a 39 % aqueous solution of an acrylate-based monomer, com- 
posed of 74.98 mole % of sodium acrylate, 25 mole % of acrylic acid, 0.02 mole % of trimethylolpropane triac- 
rylate, with 1 .0 parts of ammonium persulfate and 0.05 parts of 1 -ascorbic acid was carried out at a temperature 
in a range of from 30 to 80°C under a nitrogen atmosphere, whereby a gel type water-containing crosslinked 
polymer was obtained. The polymer obtained is dried by a hot wind drier of 150 °C , crashed by a hammer mill, 
and sieved by a 20 mesh metal net screen, whereby a product which passed through the 20 mash was obtained. 
This is called as the water-absorbent crosslinked polymer ( 3-a ). 

[ Example 3-1 ] 

To 100 parts by weight of the water-absorbent crosslinked polymer ( 3-a ) were added with mixing 9 parts 
by weight of a 12 weight % aqueous solution of a polyamidopolyamine epichlorohydrine resin ( " Kaimen 557 
H ", made by DIC Hercules Co. ), whereby the water absorbent ( 3-1 ) of present invention was obtained. 

[ Example 3-2 ] 

To 100 parts by weight of the water-absorbent crosslinked polymer ( 3-a ) were added with mixing 6 parts 
by weight of a 15 weight % aqueous solution of a polyamidopolyamine epichlorohydrine resin ( "EPINOX P130", 
made by DIC Hercules Co. ), whereby the water absorbent ( 3-2 ) of present invention was obtained. 

[ Example 3-3 ] 

To 100 parts by weight of the water-absorbent crosslinked polymer ( 3-a ) were added with mixing 7 parts 
by weight of a 15 weight % aqueous solution of a polyamidopolyamine epichlorohydrine resin ( "SUMIREZ 
REZIN 650", made by Sumitomo Chemical Co., Ltd. ), whereby the water absorbent ( 3-3 ) of present invention 
was obtained. 

[ Example 3-4 ] 

To 100 parts by weight of the water-absorbent crosslinked polymer ( 3-a ) were added with mixing 22 parts 
by weight of a 30 weight % aqueous solution of a polyamidopolyamine epichlorohydrine resin ( "EPINOX P1 30", 
made by DIC Hercules Co., Ltd. ), and a mixture obtained was heated at 120 °C for 5 minutes to obtain the 
water absorbent ( 3-4 ) of present invention. 

[ Example 3-5 ] 

To a mixture consisting of 100 parts by weight of the water-absorbent crosslinked polymer ( 3-b ) [ a product 
led from "AQUALIC® CA" ( made by Nippon Shokubai Co., Ltd. ) by passing it through a 50 mesh screen ] and 
10 parts by weight of a cellulose powder ( " CF-1 1 " , made by Whatman Co., Ltd. ) were added with mixing 20 
parts by weight of a 30 weight % of a polyamidopolyamine epichlorohydrine resin, whereby the water absorbent 
( 3-5 ) of present invention was obtained. 

[ Example 3-6 ] 

To 100 parts by weight of the water-absorbent crosslinked polymer ( 3-c ) ( "SANWET IM-1000", made by 
Sanyo Chemical Industries, Ltd. ) were added with mixing 1 6 parts by weight of a 30 weight % aqueous solution 
of a polyamidopolyamine epichlorohydrine resin ( "SUMIREZ REZIN 650", made by Sumitomo Chemical Co., 
Ltd. ), whereby the water absorbent ( 3-6 ) of present invention was obtained. 
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[ Comparative example 3-1 ] 

To 100 parts by weight of the water-absorbent crosslinked polymer ( 3-a ) were added with mixing 8 parts 
by weight of a 10 weight % aqueous solution of ethylene glycol glycidyl ether ( "Denacol EX 810" , made by 
5 Nagase Chemicals Co., Ltd. ) and the mixture obtained was treated with heating at 120 °C for 10 minutes, 
whereby the comparative water absorbent ( 3-1 ) was obtained. 

[ Comparative example 3-2 ] 

w To 1 00 parts by weight of the water-absorbent crosslinked polymer ( 3-a ) were added with mixing a mixture 

solution composed of 10 parts by weight of water and 2 parts by weight of an epichlorohydrine-ethylenediamine 
reaction solution ( a product obtained by mixing with stirring 3 parts by weight of epichlorohydrine, 0.49 parts 
by weight of ethylenediamine, and 30 parts by weight of methanol followed by standing them at 50 °C for 15 
hours for reaction ), whereby the comparative water absorbent ( 3-2 ) was obtained. 

15 

[ Example 3-7 ] Comparison of water absorbents 

Water-absorbent properties of the water absorbents (3-1 ) to ( 3-6 ) of present invention, comparative water 
absorbents ( 3-1 ) and ( 3-2 ), and a comparative water absorbent ( 3-3 ) [ water-absorbent crosslinked polymer 
20 ( 3-a ) ] themselves were compared by the forementioned methods. Results obtained are shown in Table 5. 



Table 5 



25 




water 
absorbency 

(g/g) 


suction 
power 
(e/g) 


30 


water absorbent of the 
present invention (3-1) 


53 


15.3 




water absorbent of the 
present invention (3-2) 


54 


14.6 


35 


water absorbent of the 
present invention (3-3) 


52 


14.3 


40 


water absorbent of the 
present invention (3-4) 


47 


15.8 


water absorbent of the 
present invention (3-5) 


39 


15.2 


45 


water absorbent of the 
present invention (3-6) 


58 


15.3 




comparative water 
absorbent (3-1) 


44 


16.0 


50 


comparative water 

absorbent (3-2) 
— 


53 


12.3 




comparative water 
absorbent (3-3) 


57 


12.3 
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[ Example 3-8 ] Preparation of water absorbent matters 

One hundred parts of the water absorbent ( 3-1 ) of present invention and 100 parts of ground pulp were 
mixed under a dry condition in a mixer and then, the produced mixture was pneumatically molded on a wire 

5 screen using a batch type pneumatically molding device, whereby a web having a size of 10 cm x 20 cm was 
obtained. The upper and lower faces of the obtained web were held between tissue papers having a basis 
weight of 0.001 3 g/cm 2 and pressed with heating for 1 minute at 150°C under a pressure of 2 kg/cm 2 , whereby 
the water absorbent matter ( 3-1 ) of present invention having a basis weight of about 0.05 g/cm 2 was obtained. 
By the same procedure using the water absorbents ( 3-2 ) to ( 3-6 ) of present invention and the comparative 

10 water absorbents ( 3-1 ) to ( 3-3 ), water absorbent matters ( 3-2 ) to ( 3-6 ) of present invention and compara- 
tive water absorbent matters ( 3-1 ) to ( 3-3 ) were obtained. 

[ Example 3-9 ] Evaluation of water absorbent matters 

15 The water absorbent matter ( 3-1 ) to ( 3-6 ) obtained of present invention and the comparative water absor- 

bent matters ( 3-1 ) to ( 3-3 ) obtained were tested by the above-mentioned methods to evaluate absorption 
properties of the water absorbent matters. Results obtained were shown in Table 6. 



Table 6 



25 




auscip Lion amount 
under pressure 
(g/g) 


f o 1 1 i na-C\f f 
lain iLg \JL l 

percentage of 
water absorbent 
CO 




water absorbent matter of 
the present invention (3-1) 


16.3 


33 


30 


water absorbent matter of 
the present invention (3-2) 


15.3 


39 


35 


water absorbent matter of 
the present invention (3-3) 


13.8 


44 




water absorbent matter of 
the present invention (3-4) 


15.5 


41 


40 


water absorbent matter of 
the present invention (3-5) 


15.5 


35 




water absorbent matter of 
the present invention (3-6) 


11.2 


45 


45 


compative water absorbent 
matter (3-1) 


13.5 


88 


50 


compative water absorbent 
matter (3-2) 


12.3 


87 


compative water absorbent 
, matter (3-3) 


9.6 


82 



55 

As seen in Table 6, the water absorbent matters of this invention are superior in the absorption amount 
under pressure and are very improved in the falling-off percentage of the water absorbents. 
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Claims 

1. A water absorbent matter comprising a water-absorbent resin particle having an acidic group on the sur- 
face, a cellulose fiber, and a cationic high-molecular compound having a weight-average molecular weight 

5 of 2,000 or more. 

2. A water absorbent matter as claimed in claim 1 , wherein the matter is a mixture of a water-absorbent resin 
particle, a cellulose fiber, and a cationic high-molecular compound. 

10 3. A water absorbent matter comprising a water absorbent and a cellulose fiber, the former of which is made 
by treating a water-absorbent resin particle having an acidic group on the surface with a cationic high- 
molecular compound having a weight-average molecular weight of 2,000 or more. 

4. A water absorbent matter as claimed in claim 3, wherein the matter is a mixture of the water absorbent 
15 and the cellulose fiber. 

5. A water absorbent matter as claimed in anyone of claims 1 to 4, wherein the water-absorbent resin particle 
is such as being crosslinked at a part of said acidic group on the surface of the particle by a crosslinking 
agent having two or more of a functional group capable of a covalent bond by reacting with said acidic 

20 group. 

6. A water absorbent matter as claimed in any one of claims 1 to 4, wherein the matter is consisting of from 
10 to 95 % by weight of the water-absorbent resin particle and from 5 to 90 % by weight of the cellulose 
fiber ( a total amount of the water-absorbent resin particle and the cellulose fiber is 100 % by weight ). 

25 

7. A water absorbent matter as claimed in any one of claims 1 to 4, wherein an amount of the cationic high- 
molecular compound is in a range of from about 0.1 to 30 parts by weight against 100 parts by weight of 
the water-absorbent resin particle. 

30 8. A water absorbent matter as claimed in any one of claims 1 to 4, wherein the cationic high-molecular com- 
pound is such as containing at least one kind selected from a primary amino group, a secondary amino 
group, and a tertiary amino group as well as their salts. 

9. A water absorbent matter as claimed in claim 8, wherein the cationic high-molecular compound is at least 
35 one kind selected from polyethyleneimine, polyamidoamine, polyetheramine, polyvinylamine, polyami- 

dopolyamine epihalohydrine, and polyallylamine. 

10. A water absorbent matter as claimed in any one of claims 1 to 4, wherein the cellulose fiber is a wood 
pulp fiber. 

40 

11. A method for producing a water absorbent matter comprising mixing in a gas phase a water-absorbent 
resin particle having an acidic group on the surface, a cellulose fiber, and a cationic high-molecular com- 
pound having a weight-average molecular weight of 2,000 or more and then, pneumatically molding this 
mixture. 

45 

12. A method for producing a water absorbent matter comprising mixing in a gas phase a water absorbent 
with a cellulose fiber, the former of which is prepared by treating a water-absorbent resin particle having 
an acidic group on the surface with a cationic high-molecular compound having a weight-average molecu- 
lar wight of 2,000 or more, and then, pneumatically molding this mixture. 

50 

13. A method for producing a water absorbent matter as claimed in claim 11 or 12, wherein such as being 
crosslinked at a part of said acidic group on the surface of the particle by a crosslinking agent having two 
or more of a functional group capable of a covalent bond by reacting with said acidic group is used as the 
water-absorbent resin particle. 

55 

14. A method for producing a water absorbent matter as claimed in claim 11 or 12, comprising, after pneumati- 
cally molding the mixture, putting the molded product between tissue papers and pressing this to become 
one body. 



24 




EP0 493 011 A2 

15. A method for producing a water absorbent matter as claimed in claim 14, wherein heating is carried out 
when the pressure being afforded. 

16. A method for producing a water absorbent, comprising treating the surface of a water-absorbent resin par- 
5 tide having an acidic group with a crosslinking agent having two or more of a functional group capable of 

a covalent bond by reacting with said acidic group in order to carry out crosslink by a part of said acidic 
group, then mixing the particle with a cationic high molecular compound which is capable of making an 
ionic bond by reacting with the acidic group and has a weight-average molecular weight of 2,000 or more. 

w 1 7. A method for producing a water absorbent as claimed in claim 1 6, wherein a compound having two or more 
of a functional group of at least one kind selected from an epoxy group, an aldehyde group, and a hydroxyl 
group is used as the crosslinking agent. 

18. A method for producing a water absorbent as claimed in claim 17, wherein at least one kind selected from 
15 a polyglycidyt ether, a haloepoxy compound, a polyaldehyde, and a polyol is used as the crosslinking 

agent. 

19. A method for producing a water absorbent as claimed in any one of claims 16 to 18, wherein the cationic 
high-molecular compound is such as containing at least one kind selected from a primary amino group, a 

20 secondary amino group, and a tertiary amino group as well as their salts. 

20. A method for producing a water absorbent as claimed in claim 19, wherein the cationic high-molecular 
compound is at least one kind selected from polyethyleneimine, polyamidoamine, polyetheramine, polyvi- 
nylamine, polyamidopolyamine epihalohydrine, and polyallylamine. 
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21. A method for producing a water absorbent as claimed in any one of claims 16 to 18, wherein the particle 
treated with a crosslinking agent is mixed with a cationic high molecular compound in the presence of water 
to make the cationic high molecular compound react with an acidic group remaining on the particle surface. 

30 22. A method for producing a water absorbent as claimed in claim 21 , wherein drying is carried out after reac- 
tion of the cationic high molecular compound with the acidic group. 

23. A water absorbent characterized by being consisting of a water-absorbent crosslinked polymer and a 
polyamidopolyamine epihalohydrine resin. 
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24. A water absorbent as claimed in claim 23, wherein the water-absorbent crosslinked polymer is an acrylate 
crosslinked polymer. 

25. A method for producing a water absorbent characterized by mixing a polyamidopolyamine epihalohydrine 
40 resin with a water-absorbent crosslinked polymer. 

26. A method for producing a water absorbent as claimed in claim 25, wherein the mixing is carried out in the 
presence of water. 

45 27. An absorbent matter consisting of the water absorbent as claimed in claim 23 and a cellulose fiber. 

28. An absorbent matter as claimed in claim 27, wherein the cellulose fiber is a wood pulp fiber. 

29. A method for producing an absorbent matter characterized by mixing the water absorbent as claimed in 
so claim 23 with a cellulose fiber in a dry condition and then, compressing an obtained mixture. 

30. A method for producing an absorbent matter as claimed in claim 29, wherein the compressing is carried 
out under heating. 
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